Comparative estimates of anthropogenic heat emission in relation to surface energy balance of a subtropical urban neighborhood, Atmospheric Environment (2015). 
. In urban areas, typically a large amount 48 of surface heat energy is transferred to the atmosphere as sensible heat, while the amount of latent heat 49 transfer is lower than over forests or agricultural areas. This is due to the facts that urban impervious area 50 reduces (i) available surface water for evaporation, and (ii) vegetation amount and therefore leaf area index 51 (LAI) over that in natural area. Consequently the Bowen ratio (β = H/LE) is larger above urban canopies, yet 52 generally its value can be much different locally depending on urban surface heterogeneity.
53
Most past SEB studies have been performed in cities located in the mid-latitudes (e.g. Moriwaki and 54 Kanda, 2004; Vesala et al., 2008; and Kotthaus and Grimmond, 2013) , and fewer in tropical or subtropical 55 cities. Considering the size and fast growth of subtropical cities without well-organized city planning or land 56 use, studies of SEB in subtropical cities are important for sustainable development (Roth, 2007) . Few studies 57 of (sub)tropical urban SEB have been conducted as summarized by Roth (2007) , yet only one long-term (> 58 1yr) study (Ferreira et al., 2011) has been conducted to estimate the annual features of SEB in a unique 59 urban area.
60
Anthropogenic heat emissions can strongly affect the urban SEB, which can be estimated using the 
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Anthropogenic heat fluxes, Q f , are also difficult to measure, so have generally been estimated via either 79 an inventory-based or energy balance closure approach. Depending on a study's objective, inventory 80 approaches either use large scale aggregated data that are downscaled to smaller spatiotemporal units (e.g.
81
local and hourly), or use energy consumption data estimated at smaller, building and road section scales for 82 upscaling. The former is conducted based on utility energy consumption and empirical traffic count data 83 (e.g., Sailor and Lu, 2004; Iamarino et al., 2012; Chow et al., 2014) . The latter uses building energy 84 modeling and can resolve the anthropogenic heating from complicated building sectors (Kikegawa et al., 85 2006; Hsieh et al., 2007) . Both typically assume that the total energy consumption converts to waste heat 86 emissions, i.e. materialize dominantly in the sensible heat flux; but contributions to heat storage and even 87 latent heat fluxes are also possible.
88
Alternative to the inventory approach, using long-term micrometeorological measurements can enable 89 estimates of anthropogenic heating as the residual term in the SEB equation (1) Mauder et al., 2007) , but also from the differences between radiation and flux footprints,
103
possibly resulting in an underestimation of Q f (Foken, 2008) .
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surrounded by residential areas in south, west, and north directions, a light industrial area in the east, a park 118 and a cemetery in the more distant west, and various commuter roads crossing the area (Figure 1 
262
Results from a 1-yr study in subtropical Phoenix, AZ (Chow et al, 2014) , and a shorter study in São In Figure 5 we show the diurnal variation of the ratios H/Q*, LE/Q*, Res/Q* and β=H/LE. The 286 upward spikes around 16:00 − 17:00 LST in both H/Q* and LE/Q* were in part due to a rapid decline of net 287 radiation as compared to both H and LE (Figure 4 ). H/Q* exceeded 100% around 16:00 LST in winter 288 possibly as a result of relatively higher contributions from Q f in the form of space heating and car traffic.
289
The LE fraction of Q* was on average zero during nighttime and positive in daytime throughout the study 290 period. After sunrise it increased until it contributed approximately 50% of net radiation in late afternoon, 291 then changed the sign to negative after sunset, and gradually restored to zero thereafter.
292
The Res/Q* ratio decreased from a maximum value exceeding 100% after sunset to approximately during the early morning hours, suggesting that the residual at that time is driven by heat storage in the 300 urban canopy, delaying the rise of H as compared to in natural environments. Peak β was observed in the 301 early afternoon time as plant transpiration begins to decline. During daytime, the highest mean value of β 302 was ~3.6 in winter due to lower transpiration rates, and the lowest value was ~1.6 in summer due to higher 303 evapotranspiration and amount of precipitation.
304
The diurnal and seasonal analysis of normalized SEB in Figure 5 shows a mirror hysteresis pattern respectively. In contrast, the gridded AHI data for the NW direction from the tower showed less than the M A N U S C R I P T
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total ensemble mean average value and was even lower for the W directions, which include a park and a 317 cemetery. There were no obvious differences in the footprint areas between seasons (Figure S1 
326
In the E direction from the tower, only LE showed relatively higher fluxes. 
Summary and Conclusion 377
We investigated the surface energy balance in a humid subtropical urban area. The measurements of 378 Q*, H and LE from a tall flux tower using an EC system for two years showed expected diurnal and seasonal 379 variations, highest in summer, lowest in winter. The partitioning of Q* into H and LE was 42% (IQR: 27% 380 to 65%) and 22% (IQR: 11% to 42%) during daytime, respectively. The mean β ranged from 1.2 in summer 381 to 2.1 in winter, and showed the expected seasonal effect from LE as driven by a higher amount of 382 evapotranspiration in summer, and a lower amount of foliage in winter.
383
Temporal aspects of H, LE and CO 2 flux by wind direction revealed potential anthropogenic heat 384 sources contributing to H within a short radius from the tower, identified as small and medium metal 385 processing industries in NW and W directions; higher LE fluxes from E and SE directions were attributed to 386 the local tree canopy. Both of these sources were corroborated by the measured CO 2 fluxes since NW wind 387 directions carried higher heat and CO 2 fluxes from an industrial heating process (burner) and SE wind 388 directions carried higher water vapor and lower CO 2 fluxes as a result of photosynthesis in the locally denser 389 tree canopy.
390
Heat storage in the urban fabric was calculated by the residual method. It contributed more than a 50% 391 of median Q* both in summer and winter, a somewhat large amount considering the average land cover 392 statistics in the study domain. This may be due to the mismatch of footprint areas between radiation and flux 393 (Figure 1) , inducing an energy balance closure problem (Offerle et al., 2005) . Within the radiative footprint 394 area, a significantly lower vegetation fraction and dominant impervious area likely result not only in a higher M A N U S C R I P T
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Bowen ratio, but may have also lead to higher Q* due to a lower albedo, and a resulting overestimate of the 396 storage flux within the larger H+LE flux domain.
397
The local Q f was estimated in different ways including (1) the inventory approach, (2) A new "footprint-weighted inventory approach" was introduced
